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ABSTRACT 
 
This thesis is about designing a portable pineapple peeler using ergonomics approach in 
order to avoid or minimize the risk of developing Musculoskeletal Disorders (MSD) 
among workers in pineapple industry. The workers especially in the small and medium 
enterprise still use the manual technique to peel the pineapple. MSD happens due to the 
products or tools that is not ergonomics. Some of physical activity risk factors related to 
MSD are application of force, repetitive movement and awkward posture. Working 
tools that is not ergonomics combining with the physical activity will results in MSD to 
develop and resulting pain in a long term period. There are three objectives for this 
study. The first objective of this study is to design a portable pineapple peeler with 
ergonomics approach using SolidWorks. The second objective is to make a prototype of 
the designed pineapple peeler using Rapid Prototyping (RP) and the third objective is to 
simulate the designed pineapple peeler using Algor Simulation software. While 
performing this project, the exclusions and the things known but not attempted to solve 
are the developed pineapple peeler is only prototype and is not readily functional as a 
commercial product and the simulation of the pineapple peeler using Algor Simulation 
software is considered precise. In designing process, two designs with different handle 
diameter were developed using SolidWorks. The design with handle diameter of 50 mm 
has been named as Design A while the design with handle diameter of 38 mm has been 
named as Design B. The designs have been analyzed using Algor Simulation software 
to evaluate the force distribution on the critical part of the pineapple peeler when it is 
used by the workers. Based on the results of the simulation, both Design A and Design 
B can withstand the extended allowed number of force. However, Design A can 
withstand higher forces and provides higher level of safety to the user compared to 
Design B. Thus, the chance to prevent MSD from occurring by applying Design A is 
higher than Design B. In the end, it can be decided that Design A should be used in 
designing the portable pineapple peeler. The usage of ergonomics in producing a 
product will helps to save life. The MSD will affect people in long term period and 
before they know it, it has gotten worst. Thus, the designed pineapple peeler will 
minimize and reduce the risk of having MSD among workers in pineapple industry. 
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ABSTRAK 
 
Tesis ini adalah berkenaan merekabentuk pengupas nenas mudah alih menggunakan 
pendekatan ergonomik bagi mengelakkan atau mengurangkan risiko kejadian 
Musculoskeletal Disorders (MSD) di kalangan pekerja industri berasaskan nenas. 
Pekerja terutamanya di industri kecil dan sederhana masih mengamalkan teknik manual 
untuk mengupas nenas. MSD berlaku disebabkan oleh produk atau alatan bekerja yang 
tidak ergonomik. Antara aktiviti fizikal berisiko yang berkaitan dengan MSD adalah 
penggunaan daya, pergerakan berulang dan postur yang janggal. Alatan bekerja yang 
tidak ergonomik ditambah pula dengan aktiviti fizikal berisiko akan menyebabkan MSD 
berlaku dan membawa kepada kesakitan dalam jangka masa panjang. Terdapat tiga 
objektif bagi kajian ini. Objektif pertama kajian ini adalah merekabentuk pengupas 
nenas mudah alih dengan pendekatan ergonomik menggunakan perisian SolidWorks. 
Objektif kedua adalah menghasilkan prototaip pengupas nenas mudah alih yang telah 
direkabentuk dengan menggunakan proses Rapid Prototyping (RP) dan objektif ketiga 
adalah mensimulasikan penggunaan pengupas nenas mudah alih yang telah 
direkabentuk dengan menggunakan perisian simulasi Algor. Ketika menjalankan projek 
ini, pengasingan dan perkara yang telah diketahui tetapi tidak cuba untuk diselesaikan 
adalah pengupas nenas yang telah direkabentuk hanyalah prototaip dan tidak bersedia 
untuk berfungsi sebagai produk komersial dan simulasi pengupas nenas dengan 
menggunakan perisian simulasi Algor adalah tepat. Dalam proses merekabentuk, dua 
bentuk dengan diameter pemegang berbeza telah direka menggunakan SolidWorks. 
Bentuk dengan diameter pemegang 50 mm dinamakan Bentuk A manakala bentuk 
dengan diameter pemegang 38 mm dinamakan Bentuk B. Bentuk-bentuk itu telah 
dianalisis menggunakan perisian simulasi Algor untuk menilai pengagihan daya pada 
bahagian kritikal pengupas nenas ketika digunakan oleh pekerja. Berdasarkan kepada 
keputusan simulasi, kedua-dua Bentuk A dan Bentuk B boleh menahan jumlah daya 
yang dibenarkan. Walaubagaimanapun, Bentuk A boleh menampung daya yang lebih 
tinggi dan menyediakan tahap keselamatan yang lebih tinggi kepada pengguna 
berbanding Bentuk B. Oleh itu, peluang untuk mengelakkan MSD daripada berlaku 
dengan mengaplikasikan Bentuk A adalah lebih tinggi berbanding Bentuk B. Pada 
akhirnya, ia boleh ditentukan bahawa Bentuk A harus digunakan dalam merekabentuk 
pengupas nenas mudah alih. Penggunaan ergonomik dalam menghasilkan produk akan 
membantu menyelamatkan nyawa. MSD akan memberi kesan kepada manusia dalam 
jangka masa panjang dan sebelum mereka mengetahuinya, ia telah menjadi sangat 
teruk. Oleh itu, pengupas nenas yang telah direkabentuk akan mengurangkan risiko 
mengalami MSD dikalangan pekerja industri berasaskan nenas. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
Malaysia is one of the world major producers of pineapple other than Hawaii, 
Brazil, Philippines, Taiwan, Thailand, Australia, Mexico, Kenya, South Africa and 
Caribbean area. Canned pineapple fruit have high market demand in countries like Japan, 
United States, European Union, Middle East and Singapore. This industry has the second 
highest export after watermelon in the tropical fruit category. Before the rise of other 
commodity, the pineapple industry in Malaysia was the main contributor of the 
country's economy. This industry played a role in contributing to the country’s economy 
and provides direct job opportunities in the plantation and processing industry and 
indirectly in the transportation and manufacturing industry.  
 
Malaysian pineapple industry is supported by the government in aspect of land 
development policy. The small and medium enterprise (SME) is given priority by the 
government through the implementation of development and industrial support 
program. Due to that, Pekan Nenas Johor has been dedicated to grow and produce 
pineapple product such as jams, pineapple juice and many more. In this industry, the 
workers still use the traditional peeling method, by using bare hand and knife to peel of 
the fruit skin. The pineapple skin is thick and it is not easy to peel the skin off. Due to 
that, after one pineapple is peeled, a person will feel the pain around the hand and the 
upper body including the arms. The pain that a person experienced is called 
musculoskeletal disorders (MSD).  The peeling process also involved the upper body of 
a person thus making the body vulnerable to back pain and other MSD symptoms. For 
workers that repeatedly peel the pineapple, the most infected part would be the hand or 
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known as the carpal. Gripping the tools or knife to peel and also the force experienced 
by the hand due to the effect of cutting force will eventually resulting in pain around the 
hand area. This is the reason why the manual work, particularly work involving manual 
materials handling (MMH) tasks, is a primary cause of MSD in industry. 
 
The pineapple industry has experienced a widely publicized increase in the 
reported incidence of disorders associated with the upper extremities such as hands, 
wrists, arms, and shoulders. This increase affects both worker and company. Whether 
the disorders result from single overexertion or from repeated micro trauma over a 
period of time, the direct and indirect costs of the disorders are very high. For example, 
a study of workers’ compensation claims initiated in the United States in 1989 found 
that the mean direct costs of compensable low-back pain cases are approximately 
$8,300 per claim with medical costs comprising about 32% of the direct costs, and 
indemnity payments comprising about 68% (Webster and Snook, 1994). There are 
direct financial costs to the company, such as increased workers’ compensation costs 
and health insurance premiums. The worker feels the cost in lost wages. However, there 
are also indirect financial costs that are potentially much greater, although they are not 
as easily documented. They include high turnover and absenteeism rates, increased 
training requirements, as well as the reduced efficiency and decreased product quality 
that go along with continually changing personnel. 
 
For a company that involves a lot of their employees working for long hours 
such as in the pineapple industry, ergonomics is something that they would ideally take 
into consideration. Ergonomics on a big scale can have a striking effect on employees 
working for long hours. This is where ergonomics is considered and can aid such issues 
and allow the employees to work more comfortable, and also more efficiently. Many 
injuries and illness could be prevented if hand tools were designed or redesigned to 
optimize the relationship between the worker and hand tool. Improvements in job 
design, proper selection of hand tools, and implementation of safe operating procedures 
can further reduce the incidence of hand tool-related injuries and illnesses especially 
MSD. 
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1.2 PROBLEM STATEMENT 
 
This project is to prevent the musculoskeletal problems among workers who 
manually peel the pineapple. Currently, there are very few studies have been done for 
such a function. A pineapple peeler will be designed by adapting the ergonomics 
criteria. In doing this, some of the problems associated with the musculoskeletal 
disorders are tackled. Other problems are not tackled in the duration of this project. 
 
1.3 PROJECT OBJECTIVES 
 
The objectives of this study are: 
 
(i) To design a portable pineapple peeler with ergonomics approach using 
SolidWorks. 
(ii) To make a prototype of the designed pineapple peeler using Rapid 
Prototyping (RP). 
(iii) To simulate the designed pineapple peeler using Algor Simulation software. 
 
1.4 PROJECT SCOPES 
 
Without considering unforeseeable problems that might crop up later, these are 
the exclusions and the things known but not attempted to solve: 
 
(i) The developed pineapple peeler is only prototype and is not readily 
functional as a commercial product. 
(ii) The simulation of the pineapple peeler using Algor Simulation software is 
considered precise. 
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1.5 THESIS ORGANIZATION 
 
There are five chapters in this thesis and each chapter has its’ own sub topics.  
The first chapter introduced the idea of this project. It also contained a brief explanation 
of the pineapple industry especially in Malaysia and the peeling method used by the 
workers. The risk faced by the workers such as MSD and the important of ergonomics 
approach at workplace are discussed as well. The problem statement, project objectives 
and the scopes of this project are also included in this chapter. 
 
 The literature review about the words or terms that are regularly used during this 
project are discussed in chapter two. Ergonomics, musculoskeletal disorders, pineapple 
and peeler are the terms that need to be explained according to the established sources 
such as books, journal articles, websites, technical reports and newspaper articles. The 
explanation focuses on the history and the definition of the selected terms. The principle 
of ergonomics and the relation of peeling and MSD are also highlighted in this chapter. 
 
 In chapter three, the methods on how the project is conducted were discussed 
and explained. Each stage of the project such as preliminary design, computer aided 
design drawing, prototyping and simulation of the design were presented in details. The 
methodology flow chart is also included in this section. 
 
 The result of this project were discussed and analyzed in chapter four. The 
information that we get from the literature review previously was used to evaluate the 
data collected from the simulation of the design. The discussion was concentrated on 
the effectiveness of the performed design from the ergonomics aspect. 
 
In the last chapter, the discussion whether the objective of the project is achieved 
or not was made. Besides that, the suggestion on how to improve the project and its’ 
product were pointed out.  All of the problems occurred during this project was briefly 
explained and the solution to overcome the problems were included as well.  
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
This chapter contains a review of information about the issues related to this 
project. The definition of ergonomics, musculoskeletal disorders, pineapple, pineapple 
peeler and other selected terms will also included in this chapter. All of the information 
is gathered from books, journals, articles and websites. This literature review not only 
attempts to collect and categorize previous researches, but also attempted to analyze and 
evaluate previous works leading to this project’s framework. 
 
2.2 ERGONOMICS 
 
2.2.1 History of Ergonomics 
 
We may have just heard the word "ergonomics" in recent years, and as a formal 
field of study it is relatively new, but the concepts have been around for a long time.  In 
fact, in many ways ergonomics is 40,000 years old, ever since that first humanoid 
picked up a rock to use as a tool to overcome a human limitation. The 19th Century is 
particularly full of contraptions that correspond to good application of the principles of 
ergonomics, even though the word was never used at the time (Macleod, 2006).  
 
Ergonomics developed into a recognized field during World War II, when for 
the first time, technology and the human sciences were systematically applied in a 
coordinated manner. Physiologists, psychologists, anthropologists, medical doctors, 
work scientists and engineers, together addressed the problems arising from the 
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operation of complex military equipment. The results of this interdisciplinary approach 
appeared so promising that the cooperation was pursued after the war, in industry. 
Interest in the approach grew rapidly, especially in Europe and the U.S, leading to the 
foundation in England of the first ever national ergonomics society in 1949, which is 
when the term ergonomics was adopted. This was followed in 1961 by the creation of 
the International Ergonomics Association (IEA), which represents ergonomics societies 
that are active in more than 40 countries or regions, with a total membership of some 
19000 people (Dul and Weerdmeester, 2008). 
 
Some experts define the objective of ergonomics and human factors engineering 
as designing machines to fit human operators. However, it is also necessary to fit 
operators to machines in the form of personnel selection and training. It is probably 
more accurate, then, to describe this field as the study of human-machine systems, with 
an emphasis on the human aspect (Lehto and Buck, 2008).  
 
2.2.2 Ergonomics Definition 
 
In 2000, the council of the International Ergonomics Association have been 
approved that ergonomics or human factors is the scientific discipline concerned with 
the understanding of the interactions among humans and other elements of a system, 
and the profession that applies theoretical principles, data and methods to design in 
order to optimize human well being and overall system performance (Chaikumarn, 
2005). 
 
Ergonomics emphasizes designing the workplace to fit the employee rather than 
the employee fitting the workplace. Table 2.1 shows various definitions of ergonomics. 
From the previous research, we can conclude that ergonomics is an approach which puts 
human needs and capabilities at the focus of designing technological systems. The aim 
is to ensure that humans and technology work in complete harmony, with the equipment 
and tasks aligned to human characteristics.  
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Table 2.1: Various definitions of ergonomics 
 
Year Title Author Content 
1996 Occupational 
Ergonomics : 
Theory and 
Applications 
Amit 
Bhattacharya, 
James D. 
McGlothlin 
The ability to apply information 
regarding human character, capacities, 
and limitations to the design of human 
tasks, machines, machine systems, 
living spaces, and environment so that 
people can live, work, and play safely, 
comfortably, and efficiently. 
2006 Extra-Ordinary 
Ergonomics 
Karl H.E. 
Kroemer 
I use the term ergonomics to 
encompass all the deliberate efforts to 
design the world around us that it fits 
and accommodates human beings, in 
order to make our daily life and the 
performance of tasks safe, efficient, 
and easy. Accordingly, ergonomics is 
the application of scientific principles, 
methods, and data drawn from a 
variety of discipline to the design of 
engineered systems in which people 
play a significant role. 
2008 Introduction to 
Human Factors and 
Ergonomics for 
Engineers 
Mark R. Lehto, 
James R. Buck 
The term “ergonomics” connotes 
diverse body knowledge about human 
abilities, limitations, and other 
uniquely human characteristics which 
are relevant to design. 
2009 Introduction to 
Ergonomics 
(Third Edition) 
R.S. Bridger Ergonomics is the study of the 
interaction between people and 
machines and the factors that affect the 
interaction. Its purpose is to improve 
the performance of systems by 
improving human-machine interaction. 
 
Practitioners of ergonomics, ergonomists, contribute to the planning, design and 
evaluation of tasks, jobs, products, organizations, environments and systems in order to 
make them compatible with the needs, abilities and limitations of people. In recent 
years, ergonomists have attempted to define postures which minimize unnecessary static 
work and reduce the forces acting on the body. In Figure 2.1, the "neutral posture" is 
recommended for a person who is using the computer as working tools. It shows how 
the seating and the workers position is adjusted according to ergonomics principle. The 
worker's seating position should be a series of right (90 degree) angles. For example the 
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knees should be at a right angle, so should the hips and legs, and the elbows. It also 
shows that the screen should be at eye level and at a comfortable distance, usually about 
the same distance as the position of the hands for. From this figure, we realized that 
there are a lot of factors must be concerned to prevent occupational diseases such as 
MSD. 
  
 
 
Figure 2.1: Neutral seated position 
 
Source: http://uabf.asu.edu/ergonomics/February 2010  
 
Malaysia has several national agencies collecting data on occupational accidents 
and diseases. The Department of Occupational Safety and Health (DOSH) under the 
Ministry of Human Resources, the National Institute of Occupational Safety and Health 
(NIOSH), the Occupational Health Unit under the Ministry of Health, the Social 
Security Organization (SOCSO), the Department of Labor and other agencies all collect 
surveillance data related to occupational health. Table 2.2 displays the number and types 
of occupational diseases reported to SOCSO in the years 1999, 2002 and 2003. The 
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numbers of work-related diseases are small compared to occupational accidents, and 
may reflect underreporting due to failure to recognize the work-relatedness of medical 
diagnoses, non-reporting of diagnosed occupational diseases to the appropriate agencies 
or failure to capture occupational morbidities occurring among workers in small and 
medium-sized enterprises and the informal economy.  
 
Table 2.2: Occupational diseases reported to SOCSO 
 
Occupational Diseases Year 
1999 2002 2003 
Cancer 61 65 86 
Noise induced hearing loss 8 59 1 
Respiratory disease 14 17 8 
Skin disease 40 10 5 
Musculoskeletal disorders 1 8 0 
 
Source: Hashim et al. (2005)  
 
We must always aware and take the effective ways to avoid these occupational 
diseases especially MSD from occurring. For this project, we are required to design a 
pineapple peeler by implementing the ergonomics approach. In order to come out with 
the best result, the design must obey the principles of ergonomics. 
 
2.2.3 Principles of Ergonomics 
 
To assess the fit between people and their technological tools and environments, 
it takes account of the ergonomics principles. The principles are safety, comfort, ease of 
use, productivity or performance, and aesthetics (Dul and Weerdmesster, 2001). 
 
The first principle is safety and considered as the most important one. Safety 
includes the working environment and also the working tools. For working 
environment, a safe environment is essential. Many factors need to be considered to 
make workplaces safe and without unnecessary risks to health. Some of the factors are 
cleanliness, space and lighting. Premises and fittings should be kept clean and 
maintained good standards of housekeeping while each employee must have sufficient 
working space to enable them to do their work safely and without risks to their health. A 
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good standard of general illumination should be provided and sustained by regular 
cleaning and maintenance.  Certain work activities such as work with display screens, 
machinery and very close work require special attention to lighting. For working tools, 
they must be freedom from danger, injury, or damage under reasonable conditions by all 
who may be expected to handle, use, or operate them. 
 
 The second ergonomics principle is comfort. Comfort is significant aspect in 
designing a product. In market view, users always choose to buy products with 
physically comfortable. Comfort environment such as proper ventilation, comfortable 
working temperature and sufficient toilet accommodation tends to motivate the workers 
to work hard. Furthermore, it can relax the workers and release the stress that can cause 
ergonomics failure among the workers. Vibration is another common problem that can 
benefit from evaluation. As an example, vibrating tools can be dampened. Working 
accessories like chair, work bench, tooling apparatus are also need to be comfortable to 
be used. If the workers need to adjust the chair for a certain period of time before 
starting the work, this will cost the time of productivity for the company. For a big 
company that involves a lot of their employees working long hours on a computer, 
ergonomics is something that they would ideally take into consideration. Ergonomics on 
a big scale can have a striking effect on employees working long hours on a computer. 
For example, employees working on computer for long hours may face problems which 
can include discomfort in posture and loss of concentration. This is where ergonomics is 
considered and can aid such issues and allow the employees to work more comfortable, 
and also more efficiently. 
 
Another principle is ease of use. The definition of usability in the ISO 9241 
standard is the extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency, and satisfaction in a specified context of 
use. This definition can be expanded, and made more comprehensive, by including five 
characteristics which must be met for the users of a product. They are effective, 
efficient, engaging, error tolerant and easy to learn. Effectiveness is the completeness 
and accuracy with which users achieve specified goals. It is determined by looking at 
whether the user’s goals were met successfully and whether all work is correct. It can 
sometimes be difficult to separate effectiveness from efficiency, but they are not the 
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same. Efficiency is concerned primarily with how quickly a task can be completed, 
while effectiveness considers how well the work is done. An interface is engaging if it 
is pleasant and satisfying to use. The visual design is the most obvious element of this 
characteristic. The style of the visual presentation, the number, functions and types of 
graphic images or colors especially on web sites, and the use of any multimedia 
elements are all part of a user’s immediate reaction. Another characteristic is error 
tolerant. The ultimate goal is a system which has no errors. But, product developers are 
human, so errors may occur. An error tolerant program is designed to prevent errors 
caused by the user’s interaction, and to help the user in recovering from any errors that 
do occur. Easy to learn is also important characteristic in ease of use. Learning goes on 
for the life of the use of a product. Users may require access to new functionality, 
expand their scope of work, explore new options or change their own workflow or 
process. These changes might be instigated by external changes in the environment, or 
might be the result of exploration within the boundary.  
 
Ergonomic workstations are created to enhance employee productivity and 
performance through increased alertness, and improved health and comfort. Increasing 
differentiation in the workplace leads manufacturers to offer workstations that meet the 
key requirements of functional and ergonomic performance. Studies by leading health 
and safety experts have repeatedly emphasized the health and productivity benefit of 
changing one’s work posture from time to time during the day. For example, height 
adjustable ergonomic office desk and chairs not only increase comfort, but also supports 
your commitment to providing a safe, comfortable and productive environment that is 
responsive to individual needs. In today’s increasingly diverse competitive market, a 
more ergonomically sound workstation is one of the essential ways to attract and retain 
employees.  
 
The final principle of ergonomics is aesthetics. The term 'aesthetics' concerns 
our senses and our responses to an object. If something is aesthetically pleasing to us, it 
is 'pleasurable' and we like it and vice versa. Aesthetics involves all of our senses such 
as vision, hearing, touch, taste, and smell and our emotions. At the aesthetic level, we 
consider a product’s capacity to delight one or more of our sensory modalities. A 
product can be beautiful to look at, make a pleasant sound, feel good to touch, or even 
